Rice is not cultivated in Eritrea because of its high water requirements and arid to semiarid conditions. However, most agricultural watersheds in Eritrea are associated with >80% non-agricultural lands, which produce significant runoff that can be diverted for use by rice crop. Experiments were conducted at Hamelmalo Agricultural College, Eritrea, using four NERICA rice varieties viz. In lower layers, roots under Io were more in N4 than others, which is a beneficial trait for better performance under semiarid environments. Roots in N11 were better and uniformly distributed in lower layers under irrigated conditions. Rooting patterns and grain yields showed that N11 was most responsive to irrigations but susceptible to water stress and N4 was best under rainfed followed by N10. N4 was next to N11 under irrigated conditions.
Introduction
Rice is staple food in Eritrea. However, it is not cultivated in the country because of its high water requirements, * Corresponding author. semiarid to arid conditions and highly permeable soils in the areas where temperatures favor its growth. Rice likes soil water regime from field capacity to shallow submergence in which relatively high percolation loss is inevitable in coarse textured soils [1] [2] . However, irrigations at 6 -8 days interval can also assure good crop under proper choice of variety and management conditions [1] [3]- [5] .
Despite growing demand of rice as food in Eritrea, no systematic efforts were made to popularize its cultivation in the country. Some experiments were conducted by National Agricultural Research Institute (NARI), Halhale using NERICA (New rice for Africa) varieties but results were discouraging [6] . NERICA is a cross of African rice (Oryza glaberrima), perhaps the Nigerian origin [7] , and Asian rice (Oryza sativa), which can be grown under limited irrigation conditions [8] - [10] . Average water requirements of NERICA were about 800 mm for 115 days crop yielding 2 -4 t•ha −1 [10] [11] . Encouraged by these results experiments were conducted at Hamelmalo Agricultural College, which provided ground for further research under runoff farming conditions by diverting part of the runoff generated on conventional agricultural watersheds into rice fields at downstream end of the watershed. Normally such fields in all agricultural watersheds in potential rice areas in Eritrea receive recurrent floods rendering them unsuitable for crop production during rainy season. Because of largely hilly terrains, Eritrea has limited potential lands (17.2% of the total) that can be used for agriculture [12] . In view of the possible availability of additional water, efforts were made to study the prospects of rice cultivation at Hamelmalo.
Experimental Details
Experiments were conducted to evaluate performance of 4 NERICA rice varieties during rainy season of 2012 in a conservation bench terrace at foot of the sloppy land in a model watershed at Hamelmalo Agricultural College. Air temperatures during the crop season ranged from 35˚C (maximum) to 16˚C (minimum) and the rainfall was 346 mm. The experiment was laid out in split plot design with varieties viz. N1, N4, N10 and N11 in main plots and 2 irrigation levels viz. rainfed (Io) and limited supplementary irrigations (I) in subplots in 3 replications. The net plot was 3 m × 3 m with 1.5 m passage between the plots and replications. Bunds of height 0.3 m were made around each plot to prevent runoff. Entire experimental area was surrounded by a trench to avoid run-on. Seedlings were raised in nursery about 21 days before transplanting in the puddled plots. Nursery raising reduced crop duration with low water demand compared to that in the field and assured plant density by transplanting.
Field Preparation and Transplanting
Puddling was done to ease transplanting and reduce percolation rate. Fertilizers applied were urea and DAP at the rate of 120 kg N and 60 kg P ha −1 . Entire DAP was applied as basal dose during last puddling operation and the remaining N was applied through urea in two equal splits at 20 days interval from transplanting. Single seedling from 21-day old nursery was transplanted in puddled plots in the first week of July at 0.2 m interval between rows and 0.15 m within row. About 80 mm irrigation was applied for puddling that maintained 30 -50 mm submergence during transplanting. Shallow submergence of 10 -20 mm was maintained in all the plots by irrigation during rainless periods for about 10 days for initial establishment. Weeding was done 3 times at an interval of 15 -20 days from transplanting. Measurements were made of water use, plant growth and yield.
Water Use, Growth and Yield
Since seepage and percolation (PC, mm) are inseparable parts of water requirement of rice, evapotranspiration (ET, mm) and PC losses from transplanting to harvesting were considered as total water use (TWU, mm), determined as e TWU ET PC IR RF DP WT RO = + = + + + −
where IR is irrigation during the growing season (mm), RF e is effective rainfall from transplanting to harvesting (mm), DP is soil moisture depletion, which is change in soil moisture in the root zone from transplanting to harvesting (mmm
), WT is water table contribution (mm), which was zero because water table was below 5 m depth and RO is total runoff (mm). There was no runoff as the plots were well bunded and rainfall never exceeded the amount causing overflow during the growing season. Rice roots were observed down to 0.8 m and, therefore, soil moisture depletion was considered from I.0 m profile. In general, 50 mm irrigation was given in irrigated plots whenever rainless days exceeded beyond a week at any stage of the rice crop.
Effective tillers and plant height were measured at full grain development stage. Ear with grain bearing tillers were counted in three hills in each plot and were reported as effective tillers per plant. Plant height was measured from base of the plant. Root length density (RLD) and % root distribution were determined at harvesting by line intersection method [13] . Core samples were drawn from each treatment in 0.10 m depth increments down to 1 m by placing 0.1 m diameter root core sampler over the harvested hill. The samples were washed and number of roots with vertical and horizontal grid lines of 10 mm were counted by spreading on a dish with a film of water to calculate RLD (cm•cm −3 ) and % root distribution as
where R is root length, cm, expressed as 11 Grid units 14
where N is number of intersections and V is soil core volume, cm 3 . Percent root distribution was calculated as
Grain and straw yields were determined by harvesting central 2 m × 2 m plot. The harvested biomass was dried in the field for 3 days and weighed before threshing manually. Weight of grain was reported at 14% seed moisture and expressed in kg•ha −1 . Total above ground biomass minus grain yield was the straw yield.
Experimental Results

Plant Growth
Irrigations were generally not needed until September 10 (end of rainy season) and, therefore, treatment differences between irrigated (I) and rainfed (Io) treatments during this period were negligible (Figure 1) . However, by maturity plants were taller under irrigation than rainfed ( Table 1) . Effect of water stress was greatest on N11 in which plant height ranged from 0.72 m under rainfed to 0.89 m under irrigations. In all other varieties differences in plant height were 0.03 -0.06 m. Effective tillers were more under irrigated than rainfed. Tillers were highest (6) in N11 under limited irrigations and lowest (2) in N10 under rainfed. Panicles were shorter in N10 (0.20 m) and longer in N1 and N11 (0.24 m). Duration of N11 was highest (125 days after transplanting) under irrigated conditions and that of N10 was lowest (105 days from transplanting) under rainfed. Irrigations delayed maturity by 5 -15 days from rainfed. The maximum difference was in N11. Water use was maximum by N11 both under irrigated (987 mm) and rainfed (477 mm) conditions and minimum by N10 under rainfed (457 mm). Water used in puddling (80 mm) ensured soil moisture saturation and thus seedling establishment. 
Rooting Pattern
In general root growth was better under irrigated conditions than rainfed (Figure 2) . Roots under rainfed (Io) were limited to 0.5 m depth in N10, 0.7 m in N1 and N11 but grew down to 0.8 m in N4.Under limited irrigations, roots in N1, N4 and N11 grew down to 0.8 m but were limited to 0.7 m depth in N10. About 63.5% of the roots of N10 under rainfed and 54.8% under limited irrigations were concentrated in 0 -0.1 m layer. In all other varieties roots in 0.1 m layer were between 20% -33%. Although N10 lacks deeper roots, it may perform well under rainfed if rainfall is more uniform. Among N1, N4 and N11, maximum concentration of roots in 0 -0.2 m layer was in N4 followed by in N11. Roots in N4were more than other varieties in lower layers, which is a beneficial trait for drought resistance [3] [10] . In N11, root growth was better and more uniform in lower layers under irrigated conditions. Although more study is needed on N11 to differentiate from others yet it shows better response under limited irrigations.
Grain Yield
Grain yields were significantly affected by varieties as well as irrigations ( Table 2 ). Mean yields due to varieties were at par in N4 and N11 but significantly greater than in N1 and N10 in which they were at par. Mean yields due to irrigations were more than 2.2 times that under rainfed. Interaction effects showed that N11 was most responsive to irrigations followed by N4 in which yields were at par. Grain yields showed that N4 was best under rainfed followed by N10 and N1, in which yields were at par. N11 was susceptible to soil water deficit below field capacity. N4 was resistant to water stress and stood second best under irrigated conditions.
Conclusions
1) Rice can be grown in Eritrea by diverting runoff generated in agricultural watersheds into rice fields at downstream end of the watershed. 2) NERICA varieties, such as N4, can withstand water stress and N11 can respond to irrigations as Asian varieties. 3) Shorter duration NERICA varieties maturing in about 100 ± 5 days under limited irrigation conditions will have better prospects in Eritrea.
